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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
f o r  the  
A i r  Materiel Comaand, Army A i r  Forces 
FLIaT IFJESTIGAII'IOM OF THE KNOCK-LIMITED PEI?FORMANCE 
OF A TRIPTW BLEND, A TOLWE BLEITD, AND 
28-R FZTn LN AJI R-1830-75 ENGINE 
By Calvin C , Blackman 
Knock-limited perfom~mce data  were obtained f o r  three fue l s  on 
an 3-1830-75 engine In a B-24D airplane a t  engine speeds of 1800, 
2250, and 2600 rpm, a spark adva~ce  of 25' B,T,C,, and ca+uretor-air 
temperatures of 85' F f o r  1800 and 2250 rpm and 100O F f o r  2600 rpm, 
The t e s t  fue l s  were a blend of SO percent 28-R ylus 20 percent t r i? tane  
(leaded t o  4,s m i  ~ & / ~ a l ) ,  a blend of 85 percent 28-R plus 15 percent 
toluene (leaded t o  4.5 m l  T E L / ~ ~ ~ ) ,  and 20-R fue l .  
The hock-limited manifold pressui-e of the toluene blend depre- 
c iated more i n  the  lean regton than the t r ip tane  blend o r  28-R f u e l ,  
The lxiock-limited brake horsepower f o r  the t r ip tane  blend varied from 
16 -to 25 percent higher than 28-R i n  the lean region and 1% t o  30 per- 
cent higher i n  the r i ch  region. The knock-limited brake horsepower of 
the  toluene blend was approximately 15 percent higher than tha t  of 
28-R i n  the r ich  regton and varied from 2 t o  10 percent hider i n  the 
lean re,' pion. 
~ - o c l r  l i m i t s  of the t r ip tane  blend and 28-R f u e l  tes ted  i n  the  
R-1830-75 engine agreed with l i m i t s  f o r  the same fue l s  determined with 
the  R-1830-94 engine f o r  engine speeds of 1800 and 2250 rpm. 
A s  a part  of the  general program requested by the Army Air Forces, 
A i r  Materiel Comand, t o  evaluate t r ip tane  as an aviztion f u e l  compo- 
nent, a f l i g h t  investigation was  previously conducted on an R-1830-94 
engine i n  a B-24D airplane t o  deternine the knock l i m i t s  of 28-R and 
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33-R fuels,  a blend of 20 percent triptane with 80 percent 28-R, and 
a blend of 3 percent xylidines w i t h  97 percent 28-R (references 1 t o  3). 
In  order t o  supplement these data, additional knock t e s t s  were made at 
the NACA Cleveland laboratory on an R-1830-75 engine test ing a blend 
of 20 percent t r igtane with 80 percent 28-R, a blend of 15 percent 
toluene with 85 percent 28-R, and 28-R fue l  by increasing engine speed 
and thereby extending the t e s t s  t o  a more severe engine condition. 
The toluene blend was seiected t o  have s. f ue l  sens i t iv i ty  intermediate 
between that  of the triptane blend and the x~rlidines blend of refer- 
ence 2. This sensi t ivi ty was measwed by the dlfference between the 
F-3 and F-4 ratings, as  shown i n  the following table:  
Fuels Difference between F-3 and 
F-4 performance nurnbers 
28-R 
Triptane blend 
Toluene blend 
Xylidines blend 
-An R-1830-75 engine (Pfr. Ro. 600884) was used f o r  these t e s t s  
because the R-1830-94 engine fail-ed i n  the t e s t s  of reference 2 and no 
replacement was available. Several design changes ex2st between the 
R-1830-94 and the R-1830-75 engine (references 4 and 5).  The change 
from Sla t  t o  d-omed ?i stons may have changed the knock characteristics 
of the engine, I n s t m n t a t i o n  and f l igh t  procedure f o r  the t e s t s  
were the same as i n  the previous t e s t s  (references 1 t o  3 ) .  The 
three fuels  were tested under the following conditions: 
Fuel 
c arbme t o r  -a i r  I (rpm) 1 t emyeratlure 
(OF) 
Triptane blend 
2 600 
Toluene blend 1-80C 
2250 
2600 
The spark se t t ing  was maintained at 25' B .T.C , and the  impeller 
gear r a t i o  was 7.15:l f o r  a l l  t he  t e s t s ,  The F-3 and F-4 rat ings 
obtained f o r  the three fue l s  are: 
Toluene blend, 85 percent 2 
l~ompositions detemined on volume basis.  
The knock data obtained with the three f u e l s  a re  presented in 
f i w e s  l ( a )  t o  l ( c )  i n  t i e  order of increasing severi ty  of engine 
conditions a s  indicated by engine speed, Each f igime shows knock- 
l imited nanifold pressure, knock-limited brake horsepower, brake 
speciTic f u e l  consumption, and mixture ternyeratme plot ted against 
f u e l  - a i r  r a t i o  , 
When the englne speed was increased from 1800 t o  2250 r p  
( f igs ,  ~ ( a )  and l ( b ) ) ,  the  knock cumes became steeper with a 
greater  lean-mixture depreciation of the lmock-limited manifold 
pressure f o r  the toluene blend than f o r  the t r ip tane  blend o r  
28-R fuel-. A fvv.tlier increase i n  engine speed t o  2600 rpm 
( f ig .  l ( c )  ) resulted i n  a s t i l l  greater depreciation of the  lean- 
mixture lmock-lirnited manifold pressure of the  toluene blend r e l a -  
t i v e  t o  the other two fue ls .  191e following tab le  presents the 
r a t i o  of the  knock-limited brjlre horsepower f o r  the  t e s t  f u e l s  
r e l a t ive  t o  28-R: 
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The h o c k  l i m i t s  on the  R-1830-75 engine with the  t r ip tane  blend 
and 28-R f u e l  a t  1800 and 2250 rpm (f igs .  l ( a )  and l ( b ) )  a re  approx- 
imately the  sane as those detemined in  the R-1830-94 engine (refer-  
ence 2) f o r  the  same fue ls .  
Tests of a t r i p t a l e  blend, a toluene blend, and 28-R f u e l  i n  an 
R-1830-75 engine ins ta l led  i n  a B-24D airplane gave the  following 
re su l t s  : 
1. The hock-limited rnanif old pressure of the toluene blend 
depreciated mom i n  the  lem region f o r  the  more severe conditions 
of 2250 and 2600 rp than the t r ip tane  blend and 25-R fue l .  
2 ,  The knock-limited brake Ilorsepower f o r  the  t r ip tane  blend f u e l  
was 16 t o  25 perceni; higher than 28-R i n  the lean region and l 8  t o  
30 percent higher i n  the r i ch  region over the speed range exained.  
The -knock-limited brake horsepot\~er of the toluene blend f u e l  was 
approximately 15 percent higher i n  the r i c h  region and varied from 
2 t o  10 percent higBer i n  the lean region, 
NACA RM No. E6103 5 
3. The knock limits of the t r ip tane  blend and 28-R f u e l  tes ted  
i n  the  R-1830-75 engine agreed with l i m i t s  determined with the 
R-1830-94 engine f o r  engine speeds of 1800 and 2250 q m ,  
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(a) Engine speed, 1800 rpm; carburetor-alr temperature. 8 5 O  F. 
Figure 1. - Berfomance of R-1830-75 engine in 8-241) alrplane as llmlted b h o c k  
characterlstics of three fusls. Blower ratio, 7.15:l; spark advance, 25g B.T.C. 
-05 . '24 .47 . (38 .Oh, * l o  
.Fuel -a ir  rabio 
( $ 1  Engine speed, 2260 r p ;  oBF&U.etoPa%~ empes-atwe@ 8b0 P.  
B"ii o 1 .  - eonefrmed. PerFeaance of W-L83*76 e lne i n  B-84D alrp1am as Lh%ted b 
K d k  oiaa~acter4st%cs 04 three h e l s .  Blower c a z o ,  7.lB21~ s g a ~ k  advance, 860 8.4.8. 

